We present results of magnetic measurements relating to vortex phase diagram in a single crystal of FeSe 0.5 Te 0.5 which displays second magnetization peak anomaly for H c. The possible role of the crystalline anisotropy on vortex pinning is explored via magnetic torque magnetometry. We present evidence in favor of pinning related to spatial variations of the charge carrier mean free path leading to small bundle vortex pinning by randomly distributed (weak) pinning centers for both H c and H ⊥ c. This is further corroborated using magnetization data for H c in a single crystal of FeSe 0.35 Te 0.65 . Dynamical response across second magnetization peak (SMP) anomaly in FeSe 0.5 Te 0.5 has been compared with that across the well researched phenomenon of peak effect (PE) in a single crystal of CeRu 2 .
desirable. Magnetic relaxation studies are warranted to explore the pinning mechanism as well as its possible connection to crystalline anisotropy. Relaxation studies have been performed in the past on a host of low-T c and high-T c superconducting materials. In this paper we report detailed magnetization measurements on a single crystal of FeSe 0.5 Te 0.5 with a T c = 14.3 K. The results include: (i) observation of the second magnetization peak (SMP) (i.e., a fishtail feature), (ii) calculation of crystalline anisotropy based on torque magnetometry measurements, (iii) the estimation of flux pinning force density (F p ), (iv) obtaining the vortex phase diagram, and (v) magnetic relaxation across SMP. Based on the above results, we try to provide an understanding of the underlying pinning mechanism and compare and contrast the results of relaxation studies with our earlier results in a weakly pinned crystal of CeRu 2 [18] , which displayed peak effect phenomenon.
The FeSe x Te 1−x (x = 0.5 and x = 0.35) single crystals used for the present work were grown using the modified Bridgman method. The sensitivity to growth conditions must be kept in mind [19] . In our case, a stoichiometric mixture of Fe powder (99.999%), Se shots (99.99%) and Te powder (99.999 %) was sealed in an evacuated quartz tube (10 −6 mbar) and heated at a rate of 60 o C/h to 650 o C, kept for 48 h and then furnace cooled to room temperature. The sample was then homogenized and resealed in a quartz tube tapered at one end, heated at a rate of 60 o C/h to 970 o C, kept for 24 h and then cooled to 300 o C at 2 o C/h. The furnace is then cooled to room temperature. During the second heating, the quartz tube was kept in another quartz tube at high vacuum. Powder x-ray diffraction was performed at various stages of sample preparation using Philips powder x-ray diffractometer. For a majority of magnetization measurements reported in this paper, we chose a parallelepiped shaped piece of FeSe 0.5 Te 0.5 weighing 22.5 mg and having a superconducting transition temperature (T c ) of 14.3 K. In order to validate the key results propounded in this paper, we performed a set of measurements in another crystal of FeSe 0. 35 Te 0.65 with a T c of 11.5 K. The DC magnetization studies were performed using PPMS-VSM and SQUID-VSM, Quantum Design Inc., (USA) for field applied both parallel and perpendicular to the c-axis. The scan amplitude was chosen to be 2.0 mm and 1.0 mm for the PPMS-VSM and SQUID-VSM, respectively. Torque magnetometry measurements were performed on the sample using a suitably calibrated torque lever chip on a PPMS Tq-MAG (Quantum Design Inc., USA) option. are seen to decrease along with the hysteresis width as the temperature enhances from 5 K towards 12 K. At 14 K, M-H loop, on repeated cycling, has a shape akin to that in a magnetically ordered system. However, the onset of diamagnetic response, pertaining to the onset of superconductivity can be identified by using the deviation of linearity criterion (from the paramagnetic normal state response), while decreasing the field from above the upper critical field (H c2 ) [20] . We could determine H c1 values from the virgin portion Figure 3 shows the torque (τ (θ)) data obtained at a temperature of 11 K at 5 kOe. In the field range H c1 ≪ H ≪ H c2 , the torque density is given by, τ =
ln ηH c2,a ε(θ) [21, 22] . Here, θ is the angle between the magnetic induction B and the crystalline c-axis, ε(θ) = sin 2 θ + γ 2 cos 2 θ, λ 3 = λ 2 a λ c and η ∼ 1. The torque data is fitted using the above equation yielding an anisotropy parameter of 3.17. The value obtained for γ is consistent with the results reported by Bendele et al [23] in a single crystal of FeSe 0.5 Te 0.5 .
We extract critical current density values from the isothermal M-H data making use of the Bean's critical state model formalism [24] , where, J c = 20
) [25] , with a (= 1.8 mm)
and b (= 3 mm) being the sample dimensions perpendicular to the field direction, and ∆M is the difference between the magnetization measured during the return and the forward legs of the M-H loop. The main panel in Fig. 4 shows the plot of the normalized critical current density J norm c (H) at the temperatures of 5 K, 7 K, 9 K and 11 K. Here, the normalization has been done with the J c value at the peak position of SMP (where the correlation volume of the vortex lattice is expected to attain a minimum value [20] ). In the case of the 9 K data, [26, 27] . In the case of a system dominated by point pinning alone, α = 1 and β = 2 with F max p occurring at h max ≈ 0.33 [26, 27] . In contrast, the grain boundary pinning is expected to lead to h max ≈ 0.2, whereas, pinning due to variations in the superconducting order parameter leads to h max ≈ 0.7 [26, 27] . In our case, h max ≈ 0.36, implying that point pins alone can not rationalize the observed scenario. In the case of BaFe [15, 28, 29] used for the estimation of h must therefore be dealt with care (more so because H irr and H c2
could have different temperature dependences [53] ). The observation of H irr (T ) values lying well below the H c2 (T ) values over the entire H-T vortex phase diagram has been a distinct feature seen in a wide variety of low-T c and high-T c superconductors [33] [34] [35] [36] [37] [38] [39] . Here it is worthwhile to look at its ramifications on the exponents within the Dew-Hughes scenario for the iron chalcogenide superconductor under consideration. In Fig. 6 (a), we present the variation of F norm p as a function of reduced field, h (= H/H c2 ) within the Dew-Hughes formalism when α is fixed to the best fit value and β is varied. A similar plot is shown in Nature of pinning in type-II superconductors can be broadly classified into two categories:
(i) the one arising because of the spatial fluctuations in the transition temperature, T c (known as δT c pinning) across the sample, and (ii) the other caused by the spatial variations in the charge carrier mean free path, l (known as δl pinning). In the case of δT c pinning, the normalized critical current density,
, while for δl pinning, [42] . In their report, however, Liu et al [42] have not attempted to make a quantification of the temperature variation of normalized critical current density. They attribute the broadening of the SMP as a signature of δT c pinning. One may note that the possible fingerprint(s) of analogue of SMP anomaly evident in isothermal plots (cf. Fig. 2 (a) and Fig. 4 ) is not present in the extracted isofield data (see Fig. 7 (b) Following Prozorov et al [13] , we attempted to make a least square fit to the expression (unlike the value of 3 2 obtained for Ba(Fe 0.93 Co 0.07 ) 2 As 2 ). Similar power-law behavior for the onset and peak fields for SMP were also observed in the case of YBCO [46] and Ba 0.6 K 0.4 Fe 2 As 2 [43] . It should, be noted that the temperature dependences of the H on SMP and H p SMP lines (see Fig. 9 ) are similar to those reported for YBCO [46] , whose pinning properties were seen to be dominated by the δl pinning mechanism [41] .
In view of the absence of any report on observation of an ordered vortex lattice in Febased superconductors via small angle neutron scattering, we refrain from putting any labels on the various phases in the vortex phase diagram. Here, exploring vortex dynamics in FeSe based superconductors has the potential of shedding some additional light on the pinning behavior and occurrence of order-disorder transformation in its vortex matter. Peak effect (PE) and SMP are well researched attributes associated with phase transformations in vortex matter. While the former is seen to occur close to the H c2 (T ) line in the vortex matter phase diagram, the latter is observed deep within the mixed state [33] . Both are associated with a concominant increase in the vortex pinning energy and hence an anomalous modulation in J c . Changes in dynamical time scales across these characteristics are anticipated and are seen to occur in a wide variety of experiments in low T c and high T c superconductors [47] [48] [49] [50] .
Taking cue from such observations, we attempt to make a similar analysis across the SMP in our single crystal of FeSe 0.5 Te 0.5 and compare it with that in a single crystal of another low T c superconductor CeRu 2 (T c ≈ 8 K), which displays only the PE phenomenon [48] .
In particular, it is useful to look at the normalized magnetic relaxation rate, S, given by S =| The inset shows a typical M(t) profile at 20 kOe. In Fig. 11(b) , we show a plot of S(H) across the PE region in CeRu 2 . There is a non-monotonic modulation in S across the PE. (see inset in Fig. 11(b) ). In this region, J c is very small (< 100A/cm 2 ) with no measurable time evolution. Consequently, S is essentially zero in this region (see Fig. 11(b) ). In contrast, J c is non-zero prior to the onset of SMP (H on SMP ) in FeSe 0.5 Te 0.5 . There is a significant time decay response and consequently, the baseline value of S is non-zero prior to H on SMP , (ii) S varies non-monotonically across both the SMP in FeSe 0.5 Te 0.5 as well as across the PE in CeRu 2 , (iii) The field value for the maximum in S does not exactly coincide with H p SMP (or, H p PE ). However, it is worthwhile to note that the ballpark field region (between H on PE and H p PE ) where, the value of S peaks in the case of CeRu 2 , coincides with the field value at which a jump in equilibrium magnetization (implying a first order transition) across PE in CeRu 2 was observed by Tulapurkar et al [51] . The PE in CeRu 2 is associated with an order-disorder transition in vortex matter. The occurence of SMP in weakly pinned type-II superconductors has also been conjured as a manifestation of a disorder driven order-disorder transformation from collective pinned elastic state to small bundle pinning plastic region [13] . In a typical field ramp experiment, vortices are injected into the sample through inhomogeneous surface barriers leading to the formation of transient disordered vortex states (TDVS) within the sample [49, 50] . Here, it is interesting to understand the non-monotonic modulation in S in Attempt is made to quantify the observations within the Dew-Hughes scenario [26, 27] .
Such an analysis appears to suggest that point pins alone can not rationalize the observed field variation of the pinning force density. A comparison of the observed J c (t) values is made with the anticipated temperature variations within the δl and δT c pinning scenarios.
We find strong evidence for δl pinning leading to small bundle vortex pinning by randomly 
